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ABSTRACT 


arious methods of measuring microwave cavity Q are 


cussed, with particular attention being given to their 


potential accuracy and simplicity. 
A heterodyne marker system using a calibrated crystal 


and a comparison system are doscribsd in detail, 








INTRODUCTION: 


The sperry Gyroscope Company has a contract with the 





Army Signal Corps to measure the surface resistivity of a 
number of materials with a variety of surface finishes in the 
frequency range of 1 to 0 Kme. Tho materials will be 

standard alloys of such motals as iron, steel, nickel, stainless 
steel, brass, silver, nichrome, manganin, silicon, etc. The 
specific alloys to be testod will be selected on the basia 

of their probable usefulness, Tho purpose of this program 

is to obtain sufficient data so that common matorials pre- 
viously neglected can be used intelligently in the design 

of microwave componsnts. 

The oxperimental worl consists of a study of measuring 
techniques followed by the actual resistivity measurement at 
ten frequencies in the above-mentioned range, 

Methods of Measuring Surface Resistivity: 
le. Attenuation Methods: 

Surface resistivity can be obtained by the measurement 
of the attenuation of a length of waveguide fabricated from the 
material (Reference TN 
2. Cavity Q Methods: 

Alternatively the material may be used to build a 
Simple microwave cavity, the Q of which is measured. The 
surface resistivity of the sample can then be calculated using 


% Bibliography may be found at the rear of the text. 








Pregidatar When long pleces of homakeneous rectangular 
or circular tubing with various cross-sectional sizes are 
available in the desired matorials, the attenuation method 

is a simple and straightforward way of measuring surface 
resistivity. However, the cavity ¢ technique has the advantage 
of requiring a much smaller quantity of the sample material, 
and for this reason it is to be used. 

Beck and Dawson used a coaxial line cavity for their 
surface resistivity measurements at 9 Kmc. (Figure 1) (2), The 
heart of this type of cavity is the coin silver tube which 
becomes the outer conductor of a coaxial line whon the s»vecimen 
is inserted, By varying the specimen lengths, the resonant 
frequency of the cavity is changed, Thus, many materials . 
may be tested over a large band of frequencies without altering 
the basic cavity. When the wave propagated down the coaxial 
line comes to the end of the specimen it sees a circular 
waveguide oserating below cutoff. The tube is made long enough 
so that essentially no energy can leak out of the ends, The 
ends are loft open to permit insertion and removal of the 
specimens, which are wires supported at voltage nulls by 
polyfoam beads. The ratio of tube to specimen diameter is made 
Large so that elmost all of the loss occurs in the specimen. 
The outor conductor loss and the coupling @ can be measured 
so that tho value of the unloaded Q, required for the surface 
resistivity calculation, is obtainable from the value of the 
loaded Qe This type of cavity is excellont for this work 











except at the very short wavelengths, where the tube dimensions 
are so small that tolerancas, eccentricities, otc., become 
troublesome. Two of these coaxial type cavities have been 
constructed. One, having coaxial feed lines, is designed 
to operate at frequencies of 1 to l} Kme. ‘The othor, having 
RG=50/U (1-1/2" x 3/4") waveguide feed lines, is designed 
to operate at frequencies of h.5 to 8.5 Kmc, Rectanguler 
cavities for the frequencies between 8.5 to lO Kine will be 
used. The value of Q for the different sanples will range 
from 200 to 2000 at a frequency of 7.6 Kmc, and the power 
transmission ratio will vary between -20 and -50 db. It is 
hoped to dotermine tho unloaded Q with an accuracy of +5 
percent. 


Methods of Measuring Cavity Q: 
The Q of an oscillatory system is defined as follows: 


total energy stored in the system 
erro pss vera 4 

A cavity has an infinite number of modes of oscillation, 
end can be ropresented by an nemesh Foster equivalent circuit 
with n= oo e However, if the modes are well separated, 
and the cavity losses are not too high, in the rogion of one 
of the resonant modes the susceptance contributions of the 
other modes can ie ignored and the equivalent circuit reduced 
to a simple RLC circuit. This leads to the use of the 


definition of Q so common at the lower frequencies. (Appondix I). 








resonant frequency 

frequency differonco between the two points 
on either side of fp where the transmitted 
power has dropped to P times the value at 
resonance. 

a number between 0 and 1 which defines the 


power lovel at which the Af is measured, 


1. Pulse Decrement Methods: 


The pulse decroment mothod of measuring Q is basad 


on the first definition’), when a pulsed ref. signal 


at the resonant frequoncy 1s passed through a cavity, the 





buildeup and decay of the pulse is a function of thes ~ From 
equation 1 it can be shown that the decay is in accordance 


with the following relationship: 


ent ot ; 
W= Wo 8 q (3) 
W = energy in the system at time = t 
Wo = onergy in the system at time =o 


For the favorable condition of a qQ of 1000 at a frequency of 
1 ime tho rate of docay is 27.3 db/microsocond. This presents 


a difficult moasurement problem. 











All of the other known methods of measuring Q depend 
upon making observations at a frequency differing from the 
resonant frequency by an accurately known amount. As can be 
seen from equation 2, the accuracy of the Q determination can 
bo no better than the accuracy of the measured frequency 
difference. If the frequency difference is to bo obtainod by 
subtraction of two measured r.f. frequencies, the me:zsurement 
accuracy must be of the ordor of 2Q timos the required accuracy 
of the Q detormination. The observations mede at these points 
may bo oither relative power transmission, impedance maasuree 
ments, or the shape of the response ae As input impedance 
at microwave frequencies is measured with an impedance meter 
(standing wave indicator), this also reduces to a relative 
Signal level detormination, 

Relative signal levels of low power signuls at 
microwave frequoncios may be measured by a number of mgans, 
the most common which make use of crystals, bolometers or 
calibrated attemators. The calibrated attenuator of course 
depends upon the use of a more fundamental mothod in its 
calibration. A microwave attemator of small total insertion 
Loss may be calibrated against a precision IF attenuator to 
an accuracy sevoral times as freat as the accuracy of tho 
standard itsolf by using the shorted line input standing 
wave ratio methoa'?), if the attenuator is of the metallized 


fless type and of a good mechanical design, it should be 










ossible to road attenuation difforences to a few hundredths 
of a db. An error of 0.0) db in the lcvel measurenont will 
produce an error of about 1 percent in tho « determination. 

It has beocn claimed that barretters can be made to exhibit 

a change in resistance which is directly proportional to 

Po Paenae in power lovcel (square law operation) to within 

#1 Percont, although this is open to somo question, They have 
an uppor frequency response of only about 500 cps howevor, 

and a sensitivity of about oO Mv por milliwate( 9), As they 
are oporated with a heavy d-c bias, the match to the line 


does not change appreciably with changing power level. 
» ‘Crystals are much more sensitive than barretters. 
For instance, a li]32 crystal with a 3.9 K ohm load delivers 
the same voltage output with about 13 d> less input power. 
They aro not, howevor, as roliably square law devices as are 
barretters, and they become mismatched with rclatively small 
changes in power level, It has becn found that tho type 
1N32 is ono of the better crystals as far as consistoncy of 
detector law is concerned. Figure 2 showstheresuits of some 
erystal studies at Sperry. It was the belief of the 
invostigator that the deviation from square law at the low 
power actually represented an error in his measurement technique. 
2. edance Methods: 

The types of { determination which make use of impodance 
measurements requiro that the cavity boing measured terminate 


the line. They are therefore not applicable to this problem. 










Inflection Point Method: 
A mothod of Q measurement known as the inflection 
point mothod is being developed at Sperry. It makes use of 
the fact that the second derivative of tho response curve 
vanishes at a point on either side of the resonant frequency. 
As has boen potnred out by Rodor and others, a tuned circuit 
will act as a demodulator for frequency modulation if the conter 
freqiency of the signal is somewhat displaced from the . 
resonant froquency of the tuned ctreuit!?), Duo to the 
curvature of the response, in general, the demodulation is 
accomplished by harmonic distortion of the modulating fre- 
; quency. The amount of second harmonic distortion should be at 
a minimum when the carrior frequoncy is centered at the 
vanishing point of the second derivative. A highly selective 
amplifier tuned to tho second harmonic of the modulating 
frequency Is used as the indicator following tho detector. 
Two nequiaeine frequencies may be used and the selective 
anplifier tuned to the sum or differences intermodulation product. 
The large amount of noise free gain required to obtain a 
precise seusuromont, the requirod stability and purity of the 
modulated and modulating signals, and the dependence upon 
the law of the detector are limitations of the system as it 
now exists. If a linear detector is used, the inflection 
points are f,/ Y2Q. cycles apart but, if detection law is 
two the infloction points are £o/73Q cycles apart, This 












means that a crystal dotector can introduce an error in this 


determination just as when it is used as a power level 





indicator. ‘The use of a barretter as a detector is squeezed 
between a low upper cutoff frequoncy and the difficulty of 
obtaining the rewuired selectivity at low frequencies, with 
the added disadvantago of being much more insensitive than a 
crystal. Due to the smaller "As", tho accuracy of the 
ebsolute frequency measurement before subtraction must be 
even greater than with more conventional methods. 
4. Sweep Frequoney Marker Methods: 

Several methods have bean developed for measuring 
the "Af" directly, rather than as a differonce between two 
quantities!) , All of these methods make use of a swept 
frequency oscillator whose frequency excursion includes the 
rosponse of the cavity undor test. If the output of a 
detector following the cavity is applicd to the Y¥ axis of an 
oscilloscope and a voltage proportional to the frequency 
Sweep is applied to the X axis, tho resulting pattern will be 
the rosponso of the cavity as distorted by the detector, 
the Y auplifier, and non-correspondonce between the frequency 
sweep und the voltage sweep to the cathodo ray tube. Frequency 
markers may now be applied to the rosxonse pattern and adjusted 
to occur at identifiable points, These markors may be 


generated by heterodyns or modulation methods. 
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a 
In the modulation method a semplo of the swept oscillator 


frequoney is“hitxea with another oscillator signal of about the 


Same frequency, which is frequency modulated at a rate equal 





to the "Af" or a sub-multiple thereof. The output of the 
ies. is amplified by a zero beat audio amplifier and the 
output applied to the X, Y or Z axis of the oscilloscope. 
The "Af" determination then reduces to the determination 
of the frequency of the modulating signal. 

In the heterodyne method the sams is mixed with a 
stable CW signal and the output um: lified by a highly solactive 
communications recoiver, Tho recciver has an output, when 
tuned to a given frequency, whenever the swept oscillator is 
that frequency above or below the stable oscillator., The 
frequency differonce betwoen the marlers is thentwice the 
frequency to which the receiver is tuned. 

5. Sweep Fre quency Comparison Methods: 

The response curve as displayed on tha oscilloscope may 
be comparod with another responses curve displayod on the same 
tube. The second response curve may be ganerated in either 
a single detector or a two detector system (Figures 3 and l). 

In both systems the frequency excursion of the swept 
oscillator is moved intact to the IF frequency. As the mixer 
is a linear dovice the relative power during the frequency 
sweep remains tho samo on the IF side of the mixer as it is 


on r.f. sido, To obtain coincident response curves, the Q_ 





of the IF circuit must be adjusted se that its 4 is equal 
to the cavity Q times the ratio of IF to r.f. resonant fre- 
quencies. Tho Q of the IF standurd may then be measured by 
conventional low frequency mothods, Differsnt distortion 
in the two cnannels is a possible source of error in the 
two detector method, 

the single detector mothod. attempts to overcame the 
above difficulty by ro-combining the signals ahead of the 
detector or any nonlinear dovica’?), 

Selection of. the Methods to be _ Used: 

Measuring frequencies to an accuracy of one part in 
100,000 implies a erystal controlled standaré. As no such. 
frequency sturderd wedmaua code to this grovp in the fore- 
seaable future a sweep fraquency system had to be used, It 
was decidod to try a marker system first then check the 
results with the single detector comparison Sys torte Hetorodyne 
markers were chosen, because it was felt that it would ba 
easler to stabilize the beating oscillator if it wore not 
modulated. 

Hetordayne Martror System: . 

| The ejuipment shown in figure 5 wes assembled, 

The swesp generator fon & microw2ve spectromet cr system 
modified to giva a-swecp with a maxiriam amplitude of 120 volis 
and a minionn eseurrence frequency of E=-1/3 cps. The tclystron 


power supply is a HMicroline Model bhi with the. impedance of 


oi 











the modulation input circuit increased to 1 megohm to decrease 
the loading on the sweep generator. The blocking oscillator 
tube of the internal modulation generator in this unit was 
also removed to decroase noise, The swept oscillator is a 
SRC#l)3X kiystron having a power ouvtut of about 1 watt, The 
wavemeter is a Microlino model 208 with an absolute accuracy 
of 0.1 percent. The variable attonuator is a Mycroline model 
216 with an attenuation range of 2-20 db. The dtroctionel 
couylor is a Microline model 209 which was calibrated at 

7.76 Kme using a wattmeter bridge. Tho coupling was found 

to be 2.3 db. The detecting soction is a Microlino model 

206 which has an adjustable short behind the detector mount. 
Either a crystal or a barretter may be used in this section. 
The preauplifier is the first stage of a General Radio model 714A 
amplifier with the inout coupling capacitor increased from 
0.04 microfarads to 2 microfarads, This reduces the lower 
cutoff frequency to about 0.0li cpse The voltage gain is about 
20. The cathodo ray oscilloscope is a Dumont type 301 having 
a SCPl-A tube (medium porsistonce screen). Tho maximm vertical 
deflection sonsitivity is 3.5 millivolts per inch, The input 
anplifier tubes wero vicked to obtain the minimun hun pickup 
with maximum gain when tho amplifier is properly balanced. 

The coaxial mixer is a Microline model 338. This is not the 
correct mixer for tho 7 Kmc band but it is satisfactory as 








iY — 
Pave 
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oscillator is a 2k operated at the very top of its frequoncy 


range. Although a well regulated power supply is used for 






ignal is woll abovo the noise lovel. The beating 


the 2kh, it was found necessary to add a two section RC 
filter to the repeller circuit. iach section consists of 
al megohm resistor and a 0.5 microfarad capacitor. The 
communications receiver is a National HRO-7R. 

1. Level Determinations 

It was orininally planned to obtain and calibrate 
a procision attemiator, however, no such attenuator was 
available in RG-50/U waveguido and none would be available 
for several months, It was then decided to use a 1N32 crystal 
and operate in the square law region. 

The reading of the oscilloscove is the sourco of 
measurozent error other than system error in the level 
detcrmination, An effort was made to evaluate this error by 
putting a 60 cyclo signal on the oscilloscope and adjusting 
the signal level for a 3" deflection. Tho signal was then 
measured with a Ballantine model 300 VIVM with a stated 
accuracy of t2 percent. From six observations, the méan 
deviation from tho mean value was 0.75 percent. Tha eroatest 
deviation was 1.25 percent. It Wes concluded that level 
roadings could be made onthe oscilloscope with a precision 


of at least +2 percent. 















The sources of systom error in the level determination 
‘are the following: 
1. Crystal not exhibiting a linear power input 

voltage output characteristic, 
2, Power variations ovor the frequency sweep. 
3. Nonlinearities in the anuplifier. 
Toward the ond of the work period aftor the failure 
of the independent method, it was decided to callbrato the 
erystal undor conditions as nearly like its actual opcrating 
econditions as possible, To do this the SRCel.3X was operated 
without modulation Into an impedance meter followed by a 
soldered short circuit, About 3 or h db padding was used 
between the tube and the impedance meter, The probe cutput 
was applied to the wavoguide detecting secticn through a 
double stub tuner and a waveguide to coaxial adapter. The 
crystal load consisted of a microammeter and onough additional. 
resistance to bring the total load up to 3.9 K. Tho efficioncy 
of the short was chocked by adjusting the probe coupling for 
50 microamperes at a maximum point, then exploring the nulls 
with a metor cusable of cotecting a current of 0.005 microampores. 
No deflection could be noted at a null, Assuming the crystal 
to be approximately a square law device, the power standing 
wave ratio in the guide is greater than 0 db. The short 
can thus be considered to be perfect. The relative vower 
picked up by the probe when ths line is terminated in a 
perfect short iss: 








= relative power picked up by the probe as a 


function of its position along the line 
conductence introduced into the line by the 
probe (coupling coofficient of tho probe) 
susceptence introduced into the line by the 
probe 


distance between the probe and a point on the 





line where the perfect short has been transe 


formed into a perfect open circuit 





if 
B, = 0 and Gy “4 1 
Pp = = 1/2 + 1/2 cos 20 (5) 
1+tan2e 


Bp makes the curve asyrmetrical and Gp 


introduces a vertical distortion’) , 


Gy was measured 4&6 
the ratio of the incident power to the power picked up by 
the probe with a wattmeter bridge after adjusting the double 
stub tuner for a maximum transfer of powor, Gp was found 
to be «10 db for the largest crystal curront to be measured 
and therefore does not affoct tho shape of the curve by a 


measureable amcunt. With a G, sO very small and the probe 








tuned for maximum cutput Bp should also be small, This was 
verified by the fact that no distortion of the curve could 
be detected. Current roadings were taken over two guide 
wavelengths starting with peak roadings of 25, 10 2.4 and 
0.5 microamperes. The short behind tho crystal was adjusted 
for a maxisum reading at the poak values at the start of oach 
run and was not touched aftor that. Figures 6, 7, 8 anda 9 
are the curves of current (voltage) vs. power level, The 
microamneter sensitivity was adjusted to make each peal value 
a full scale reading. The metcr scxule was 100 millimeters 
long graduated with millimeter marks so it could be read to 
@ precision of 10.2 percent of the full scale reading. Tne 
impedance moter could be resot with a procision of +0.05 :m 
which represents +0.3) degrees at the guido wavelength. ‘The 
guide wavelongth could be obtained to a high precision by 
measuring the distanco betwee: corresponding points on ths 
steep part of the curve several half wavelengths apart but 

it was difficult to locate the nulls as they are quite broad. 
However, if an error is made in locating the null, all of 
the data from points on tho generater side of & null should 
fall on one side of the true curve end all of the data from 
points on the short side of the null should fall an euual 
distance on the othor side of the true curve. The observed 


data can thus bo corrected to eliminate this error, It would 
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appear that an error of as much as 20 percent will be made 

at a high sie level and 5 porcent at a rolattvoly low 
signal levol if it is assumed that the crystal will give 

a linear power to voltago conversion, Using these correction 
curves the error from this source should be reduced to 

within +1 percent. 

A source of error is the fact that a klystron does 
not supoly constant power as the frequency 1s shifted. 

A correction for this effect is obtained by centering the 
response on the mode before starting the determination then 
measuring the relative drop of the mode in the interval of 
the chosen "Af" . This can be done with a barretter or 

a calibrated crystal to the same precision thet the resyonse 
curve is read. 

The gain linearity of the p:oamplifier oscilloscope 
combination was checked usinz a Ballantine model 300 VIVM 
and a 60 cycle signal. For most gain settings no distortion 
could be observed however, whon distortion 4s observed at a 
perticular gain setting it can be included as a correction 
to the computation so that errors from this source should 
be within t2 percent. 

20 "Af" Determination: 
To measure the precision of the "Af" determination, 


a "Af" of about 6.8 Mes. correspcnding to a certain interval 








on the oscilloscope was measured 10 times by varying the 
receiver cnthes The mean doviation from the msan of thase 
readings was 0.2 porcent, The maxisum deviation was 0.6 porcent. 

The sources of systom error in the "Af" deteraination 
are tho following: 

1, Different delays in the detector and marker 

channels. 

2. Frequency calibration errors in the communication 

receiver, 

The heterodyne marker system depends upon the 
identification of a moment of eine (a position on the cathode 
ray scope) with a frequency and a transmission ratio, If the 
time delays in the marker channel are different from the time 
delays in the ressonse channel an error will. exist if tho 
frequency sweep is not linear with respect to the time sweep. 
It was suspected that the low sweep speeds used would xiake 
any timo differences unimportant. This was proven by coupling 
a small amount of the beating oscillator energy into the 
transmission line ahead of the cavity so that a small dis- 
turbance was observabla on the resyonse curve. Whon this 
disturbance was centered at the peak of the response it 
indicated that the beating oscillator was operating at the 
resonant fre,uency of the cavity, Any time dolay differcnce 
would then show up as a shifting of the center of the marker 
pulses with respect to tho centor of the response curve. No 


shift was observed, 








The communcations receiver tuning dial was calibrated 
using a rocently checked General Radio model 605B signal 
generator. Stated frequency accuracy of this unit was +1 percent. 
This rolatively crude method of calibration was used because 
a erystal controlled heterodyne frequency standard was not 
available for general use. 

Combining the level und "Af" measuroment precisions, 
th. expected procision of the loaded Q determination indcpendent 
of system errors should bewithin +2.0 percent. To obtain 
an experimental check of the over-all precision, a sample with 
an unloaded Q of about 2590 at a frequency of 7815 Mes. was 
measured nine times. Tho moan deviation from the mean of the 
nine runs was 1.1 percent and the maximum deviation was 
2.2 percent. Another samplo with an unloaded q of about 800 
gave a mean deviation from the mean of 21 readings of 1.h percent 
and a maximum deviation of 3.9 percent. 
3. Data Conversion: 

' Even if the loaded Q of a cavity is known to a very 
high accuracy, the following are sources of error in cone 
verting the data to surface resistivity values. 

XL. Errors in measuring the transmission ratio, 

e. Center conductor not positioned exially. 

3. Center conductor not centered racially. 

h. Losses in the polyfoam beads. 

The power transmission ratio is obtained by moasuring 


the power at the directional coupler then replacing the 









detecting section with a barretter mount and measuring the 
power at this point. Tho couplor has been calibrated using 
the substitution method to an estimated accuracy of +0. db. 
When the transmission ratic is about the same as the coupler 
ratio (24.3 db) tho estimated accuracy of this detormination 
is about +0.5 db. The unloaded Q of this cavity is obtained 
from the loaded Q by the use of the following relationships) , 


Qy 
= (6) 
Q = Unloaded Q 
Qu = Loaded Q 
7 = Numerical power transmission ratic 


When the power transmission ratio is -20 db the above 
transmission ratio error introduces an error of about +1. percent 
in the unloaded Q corioutations. ‘the error is about 40.8 percent 
for ~30 db and about +0.1 percent for =40 dbo 

Bock and Pawson state that small axial misalignments 
of the centcr conductor will result in different values of 
loaded Q but, as the power tran mission ratio is also measured 
for the same wire position, the unloaded % Values will be the 
same. To oxporimentally vorify this fact, moasurements ware 
made with tho sample displaced from the position of maeximun 
coupling. Whon the transmission ratio was reduced from the 
maximum by 0.7 db, the loaded «, valuos differed by 2.0 percent 
but the unloadod q values differed by only 0.7 percent. As the 








Perens saton ratio can be maximized to within much closer limits 
than 0.7 db it can be concluded that there is no measureuble 
error from this source, 

It was planned to check the effoct of radial 
eccontricities on the measured values of loaded and unloaded 
Q but timo did not permit. However, it is believod that, ag 
the ratio of outer conductor to inter conductor is quite largo, 
small eccentricities will have no appreciable effect on the Q 
valuas or on the conversion of the Q data to surface rosistivity 
values. 

As polyfoam is only about 5 percent polystyrene and 
the beads ara located at the voltage nulls the losses in the 
beads should be quite low, As a rough check, the beads were 
Placed at the voltage maximum and the @ of a high Q wire was 
lowered only 3.6 percont at a frequoncy of 7.8 Kmc. This would 
seem to indicate that the effect of the beads at the volt age 
nulls is much less than the msasuroment procision of the system. 

It is expected that the total system error, considering 
all of the above sources, should fall within +3 percent and the 
absolute error of the average of a number of determinations should 
fall within +h porcent of the true value. The measured surface 
resistivity of a very smooth sample of a pure metal will be 
compared with the theoretical value as a final check of the 


Oovereall system accuracy. 








Single Detcctor Comparison System: 





In order to obtain an indopendent check of the value of 
loaded «& an attompt wes made to set up tho single detector 
comparison system. The response curve of a circuit with a 
q of less than 10 starts to differ in shape from a response 
curve of a high y circuit. As many of the materials give 
a loaded y of 700 or less at 7 Kmc the IF standard circuit must 
operate at 0.1 Kme or above, Even though distortions in 
the common amplifier affect both signals in the same way it is 
desirable that the bandwidth of this channel bo several times 
greater than the half power "Af" of the IF standard circuit. 
To bypass the formidable gain beamwidth protlom in the IF 
amplifier, the output of the switch was fed directly to the 
detcctor and all gain was obtained at audio frequencics,. 

For the IF switch a comautator for the signals and a 
shorting switch to roplaco the gas mite in the sweep generator 
were ganged to a motor shaft. poncnee noise in the signal 
cormutator, however, proved prohibitive so an electronic 
switch (figure 10) was designed. A common plate circuit was 
used in an effort to equalize tho distortion in the two channels. 
The response curves of thissitch (figure 11) indicate that 
its performance is satisfactory. Figure 12 shows tho IF 
standurd circuit. Loose coupling was used between the mixer 
and the standard so that a signal ganorator could be substitutcd 
for the mixor crystal for calibration without affecting the 








loaded ¢. The voltmeter used for calibration was to romain 
attached at all times. The resonant frequency shifted 
0.5 Hes, durin: a change in «, from 10 to 100. The voltage 
transfer ratio at resonance from mixer input to switch inout 
was 0.0. When work on the systom was halted due to lack of 
time, difficulties were beinz encountered in obtaining 
sufficient signal from the mixcr in the comparison channel, 
and in removing 60 cycle amplitude modulation from the beating 
oscillator. 

With a more stable and powerful beating oscillator 
more attention to the mixer design and with more hum free 
audio amplification it is believed thatthe system could be 


made to work even at this unfavorable frequency to Q ratio, 


CONCLUSIONS: 

A survey of the various methods of measuring cavity 
Q was made and it was concluded that the heterodyne marker syste 
with a calibrated attenuator to measure relative power was tho 
simplest method having a potentially high accuracy. A system 
using a calibrated crystal was assembled and Q measuremonts having 
a repeatubility of +14 porcent were madeo 

An independent check of the accuracy of the system has 
not been madeo 
Recomondations: 

It is recommended that a stable variablo attenuator of 
low total insertion loss be obtained, calibrated and used for a 


check of the level determination accuracy. 
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The output load resistance is included in R so that the 


power response is proportional to t 











Y, 1 
R+j(wLe = ) 
wc 
Where w is eny angular frequency. The energy stored in 
the circuit is: 
Ws =L I* (2) 
The energy dissipated per radian is almost exactly: 
R 12 R I 
Wp = = ‘ (3) 
2nt a 











As relative power is proportional to the magnitude of 1 
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ree (8) 
was (f+fo)*(f-2,)2 
f° $2 
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f£+f & 2f (9) 
(f-2,)2 = &? (10) 


if Qf is defined as tho frequency difference between the 
two points on oither side of f, having the same power 
level: 


2ls| = ar | (11) 


then from Equations (8), (9), (10) and (11) 





1 
P, = 12 
R Beare (12) 
l+ 5 
fy 
and 
ce 1 
Qe ape (13) 
f P 
When P = 1/2 
£. . 
Q =-<—— which is the comnonly 
Ar 


encountered relationship, 
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APPENDIX It: 
General: 
All equipment should be overated one half hour before 
any measuro.ients are takon so that all items will have roached 
a stable operating condition. Both klystrons should be 
mechanically isolated from any sources of vibration such as 
blowers, etc. Blowers should not be too close to the tubos 
as turbulences in the air flow around the bellows may cause 
frequency modulation cf tho output. | The amplifier in the 
oscilloscope will have to be balanced cccasionally as outlined 
in the instruction book and tho first 12AU7 in the vertical 
amplifier may have to be selected for minimum hum pickup, 
The oscilloscope should be calibrated and its linearity checked 
at threo points in each of the two lower attenuator ranges 
after cach major adjustment. The ratio of input voltage for 
2 inches signal height to input voltage for . Lnches signal 
height is designated as "s", Amplitude modulation of the 
signal from the SRC-lh3X hag been noted at some levels of 
operating voltage and it should be varied in any effort to 
eliminate hum. Hum can sometimes be reduced by reversing power 
plugs in thoir sockets. The reflector ee of the beeting 
oscillator has to be varied slowly when trying to locate a 
mode and all fine tuning should be done with the cavity because 
of the long time constants in the repeller supply filter. 
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Great caro should be oxercised at all times to prevent any 
damage to the calibratied crystal from oither excessive r.f. 
power or static discharges. 

When looking for the resonant frequency of a new 
sample it must be remembered that there are three variables: 
oscillator cavity tuning, sample position and detector tuning. 
Sample Preparation: 

The polyfoam beads should be no more than l, or 5 milli- 
meters thick and should be secured to the wire with a minimun 
of low loss coil dope. Two beads can be used 1/), wavelength 
from each end of a straight stiff wire, Three or more will be 
needed for a warped or very flexible wirs, The beads should 
be rolled on edge under a slight smount of pressure to reduce 
their dlameter enough so that they mey be pushed into the tube 
without shifting their position on the wire, A polyfoam 
pusher should be used when trying to locate the wire at « point 
of maximum coupling. The pusher should not bo left in the 
tube during actual moasurenents. At loast three samples of each 
material should be used so that any inhomogensities may be 
detected. The sample length may vary between 2 and 5 or 6 half 
wavelengths, One half wavelength should not be used until 
it has been verified that exciting the very end of the sample 
aces not give erroneous results. Samples longer than 6 hal? 
wavelengths are not necossary and may give trouble due to 
excessive attenuation of the wave botween the coupling hole and 
the end of the sample. The sample ends should be square and 
the various lengths of a sample should all resonate within one 


or two percent of each other but groater precision is not 
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necessary as the results can be normalized to a single fre- 


Taking Data: 


Insert the samplo to a dosition of maximum powor 
transmission, Do not uses the ond position. 

Peak up the detector tunings 

Position tha wavometer notch at the very peak of 
the response curve. Record the resonant frequency 
and do not change the wavemster setting. 


Substitute the mods pattern for the response and 


‘adjust the SRC-l3X cavity tuning until the wavemeter 


notch is at the center of the mode pattern, This 
centers the response on the mode. If the crystal 

is used for the detector the barreter may be used 
for the modo monitor or vice versa. When the 
barretter is used in either position the sweep 
frequency should be at a minimum and the sweep anpli-= 
tude just enough to return the pattern to the base 
line on both sides, This precaution is necessitated 


by the low upper response frequency of tho barretter, 


‘Replace the response on the scope and adjust the 


pattern to l." peak to baso with the wavemetcr detuned. 
If the crystal is being used as the detector ksop 

the peak voltage less than 0.0) volts or set it to 
exactly 0.098 volts so that the crystal calibration 
curvesmay bo used. The peak level. can be obtained 


from the oscilloscope calibration data. 














be Adjust the horizontal gain to make the pattern 


Te 


aleut 3" wide at the half amplitude point. 

Tune the wavemeter to the peak of tho response 

curve, then replace the mode pattern, Do not 

touch the horizontal gain but using the horizontal 
position control locate the base line and adjust 

the mode amplitude to seme convenient value observing 
the samo precautions as in 5. Using the waveneter 
noten as a reference, again center the mode and 

note the amount of drop-off in the 3 inches solected on 
the response curve. The ratio of the amplitude at 
the selected point to the peak amplitude is dosignated 
as "m" . The crystal correction factor is not 
applied as the drop-off should be a relatively 

small amount. 

Return the response to the scope. De-=tune the 
wavemeter, Check the lL" and 3" measurements setting 
the extremeties of the 3" width at heavy lines on 

the scope. 

Replace the response with the markers from the 
rocelvcr being careful not to touch horizontal gains 
or position controls, The vertical controls may be 
used, Tune the beating oscillator and receiver until 
the markers appear on the scope. Adjust r.f. gain, 
audio gain, selectivity and phasing for the cleanest 
markers and steepest leading edges, The leading 
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edgos are on the right as the sweep is from 

right to loft. The leading edges should be placed 
at the heavy lines selected in 8 using the oscillator 
tuning control and receiver tuning. Read the 
receiver dial and record for Af twice tho frequency 
from the receiver calibration curves. 

The value of "Pp" {in equation (2) is the product 

of "sg", "mt and "ce" where "s" and "m' are 
defined above and "c" is the power level frcm the 
crystal calibration curve corresponding to voltage 
level "s", 
With the response curve on the screen, decrease the 
SWeep voltage amplitude as far as possible. With 
minirum vertical oscilloscope gain and enough 
horizontal gain so that the hum gives a 2" sweep, 
adjust the repoller voltage of the SRC-l3xX until 

the line is horizontal. The SRC-43X is then supplying 
a signal with a center frequency equal to the cavity 
resonant frequency and with a very slight amount of 
freqiency modulation, With a wattmeter, measure the 
powor at the couolor and at the position of the 
detecting section. The ratio of these two powers 
times the couplor ratio is the transmission ratio at 
resonance, 


Unloaded Q is obtained by use of aquation (6). 
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<eoice 


Q can be normalized in frequency by making use 
of the fact that q is proportional to the square 
root of frequency. 

The surface resistivity can be approximately 
normalized in temperature by making use of the 


d=-c coefficient of thormal resistivity. 
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